identified factors predictive of HCC tumor re-
currence and seeding including tumor size,
tumor location relative to the hepatic capsule
{presence or absence of tumor on subcapsu-
lar portion), a-fetoprotein (AFP) level, tumor
stage, and histopathologic grade [17, 18]. For
the reasons stated carlier, it is important to de-
termine the histopathologic grade of HCC be-
fore administering local ablation therapy.

We previously reported that a “heteroge-
neous enhancement pattern with irregular
ring-like structures” [19] in the arterial phase
of dynamic CT analysis accurately predicts the
histopathologic grade of poorly differentiated
HCC, and we named this enhancement pattern
“type 47 [19]. Therefore, one aim of the cur-
rent study was to examine the risk factors for
tumor recurrence after local eradication, in-
cluding differences between treatment proce-
dure (surgical resection vs RFA) and dynamic
CT enhancement pattern. Moreover, in a previ-
ous study, investigators reported an association
between tumor seeding after RFA and his-
topathologic grade of HCC [17, 18]. There-
fore, the other aim of the current study was to
evaluate the relationship between the type 4
dynamic CT enhancement pattern and HCC
recurrence in patients who undergo RFA.

Materials and Methods
Study Population

From January 2005 to September 2009, 705 pa-
tients were diagnosed with HCC and underwent sur-
gical resection or RFA as the initial treatment in
the Department of Hepatology, Toranomon Hospi-
tal, Tokyo, Japan. Among the 705 patients, 191 pa-
tients satisfied the following criteria for inclusion in
our study: triple-phase dynamic CT study performed
before surgical resection or RFA; pretreatment diag-
nosis of a sotitary HCC with a maximum tumor di-
ameter of 30 mm or less; no evidence of extrahepat-
ic metastases as confirmed on pretreatment imaging
studies (CT, sonography, or chest radiography); no
history of other malignancies; and no pretreat-
ment chemotherapy, including transcatheter ar-
terial chemoembolization (TACE). Accordingly,
these 191 patients were retrospectively evaluated for
an association between arterial and portal phase dy-
namic CT enhancement pattern and recurrence of
HCC. The observation starting point was the time of
the first surgical resection or RFA session for HCC.

Contrast Infusion and CT Protocol

All patients received nonionic contrast materi-
al with an iodine concentration of 350 mg I/mL
(iomeprol {Iomeron 350, Bracco-Eisai]). CT was
performed with a 64-MDCT scanner (Aquilion
64, Toshiba Medical Systems) with the following
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scanning parameters: rotation time, 0.5 second;
beam collimation, 64 x 0.5 mm,; section thickness
and interval, 5 mm; beam pitch, 0.83; tube volt-
age, 120 kV; and tube current, 150 mAs. All he-
lical scans were started at the top of the liver and
proceeded in a cephalocaudal direction. Unen-
hanced and three-phase contrast-enhanced helical

scans of the whole liver were obtained. Patients

were instructed to hold their breath with exhala-
tion during scanning.

An automatic bolus-tracking program (Sure’

Start, Toshiba Medical Systems) was used to time
the start of acquisition in each phase after contrast
injection. The attenuation at the axis of the celiac
artery level was monitored by one radiology tech-
nician; the region-of-interest cursor (1 cm?) was

_ placed in the abdominal aorta. Real-time low-

dose (120 kV, 25 mAs) serial monitoring studies
were initiated 5 seconds after the start of contrast
injection. The trigger threshold level was set at
100 HU. A double arterial phase acquisition was
started 15 and 20 seconds after triggering, and
portal phase and delayed phase acquisitions were
started 70 and 180 seconds after the start of the
contrast injection, respectively.

Diagnosis of HCC

Diagnosis of HCC was predominantly based
on image analysis. If a hepatic nodular lesion was
identified on screening sonography, the patient un-
derwent dynamic CT, dynamic MR, or both. Fur-
thermore, when a liver nodule either showed hy-
perattenuation in the arterial phase of the dynamic
study and washout in the portal or delayed phase
or showed typical hypervascular staining on digi-

tal subtraction angiography, the nodule was diag-
nosed as HCC. In accordance with the American
Association for the Study of Liver Diseases guide-
lines [20], we obtained at least two dynamic imag-
es before treatment. When a nodule did not appear
to show the mentioned typical imaging features,
fine-needle aspiration biopsy was performed fol-
lowed by histologic examination and diagnosis.

Imaging Analysis of Hepatocellular Carcinoma
and Definition of Enhancement Pattern

Before treatment was administered, triple-
phase contrast-enhanced CT was performed of all
patients. The enhancement pattern on the arteri-
al and portal phases of dynamic CT was classi-
fied into one of four types, and the four enhance-
ment types on the original images were converted
into simplified images (Fig. 1 [19]). The type 1
pattern represented a homogeneous enhancement
pattern with no increase in arterial blood flow;
the entire image was uniform during the arterial
phase and portal phase. The type 2 pattern repre-
sented a homogenéous enhancement pattern with
increased arterial blood flow; the entire image
was uniform during the arterial phase and portal
phase. The type 3 pattern represented a heteroge-
neous enhancement pattern with septations with
heterogencous enhancement and septations in the
arterial phase, whereas the septations resembled
a near-uniform tumor tissue periphery in the por-
tal phase. The type 4 pattern represented a hetero-
geneous enhancement pattern with irregular ring-
like structures; the arterial phase was marked by
the presence of irregularly shaped ring areas of
enhancement and areas of little blood flow relative

Type 1

Griginal images Simplified Original Iimages
Arterial Phase  Portal Phase Arterial Phase Portal Phase
; Pl IR

.‘A“.

Fig. 1—Sample of original dynamic CT images and simplified images for each enhancement pattern. (Reprinted
and modified with permission from John Wiley and Sons [19])
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to the periphery of the tumor tissue, and the por-
tal phase was characterized by areas of reduced
blood flow.

The enhancement pattern on the arterial and
portal phases of dynamic CT was determined by
consensus of three expert hepatologists who were
blinded to the pathologic results.

Treatment Methods

Physicians and surgeons generally discussed
the preferred choice of therapy in individual pa-
tients. Hepatic resection was performed under in-
traoperative sonographic monitoring and guid-
ance. For small and superficial HCCs, arterial and
portal vein clamping at the hepatic hilum was not
usually required to maintain liver perfusion. RFA
was performed using three different devices: a
multitined expandable electrode with a 3-cm ar-
ray with a 150-W radiofrequeﬁcy generator (mod-
el 1500 series, RITA Medical Systems), an inter-
nally cooled electrode with a 3-cm active tip with
a 200-W radiofrequency generator (Cool-tip Ra-
diofrequency System, Covidien), and a multitined
expandable electrode with a 200-W radiofrequen-
cy generator (LeVeen Needle Electrode and Ra-
diofrequency 3000 Generator, RTC System, Bos-
ton Scientific Japan). For the first two systems,
treatment procedures were performed according
to the protocols recommended by the manufac-
turers. However, treatment using the RTC System
was performed by adopting the “stepwise hook ex-
tension technique” [21].

The needle was inserted into the tumor percu-
taneously under sonographic guidance. In the case
of RFA, dynamic CT was performed 1-3 days af-
ter therapy, and the ablated area was evaluated.
The goal of treatment was to obtain an ablative
margin larger than the original tumor, with a sur-
rounding treatment margin of 5 mm or greater in
all directions. When this margin was not achieved
or a residual tumor was found, additional ablation
was considered.

In this study, 93 of 131 procedures (71%) were
performed using the multitined expandable elec-
trode (LeVeen), 28 of 131 procedures (21%) were
performed using the internally cooled electrode
(Cool-tip), and 10 of 131 procedures (8%) were
performed using the multitined expandable elec-
trode (RITA).

Definition of Multinodular Recurrence of HCC
Tn this study, we defined “multinodular” as fol-

lows: the appearance of 10 or more lesions at the time

of first recurrence after surgical resection or RFA.

Follow-Up Protocol

Physicians examined the patients every 4 weeks
after treatment, and liver function tests and tumor
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TABLE I: Clinical Profile and Laboratory Data of 191 Patients With
Hepatocellular Carcinoma Treated by Surgical Resection
or Radiofrequency Ablation (RFA)

Parameter Surgical Resection RFA P
Patient characteristics
No. of patients 60 131
Sex (no. of patients) 0.922
M:F ratio : 38:22 82:49
Agely) 0.021
Median 66 69
Range 35-80 37-83
Background liver disease (no. of patients) 0.003
Hepatitis C virus 34 100
Hepatitis B virus 22 13
Others 4 - 12
Laboratory data
Platelet count {x10%/pL) 0.153
Median 13.3 1.8
Rarige 5.1-21.2 2.7-39.6
Albumin (g/dL} 0.019
Median 3.7 31
Range 2.9-47 2744
Total bilirubin (mg/dL) 0.030
Median 0.8 0.9
Range 0.3-2.2 0.3-27
Prothrombin activity (%) 0.218
Median - 94.5 89.9
Range 60.4-124.0 56.7-124.0
AST(IU/L) 0.423
Median 41 48
Range 16-163 16191
AFP{ug/L) 0.561
Median 120 10.5
Range 1.6-5541.0 1.0-993.7
DCP {AU/L) 0.137
Median 205 17.0
Range 9.0-556.0 6.0-314.0
Tumor characteristics
Diameter (mm) <0.001
Median . 200 16.0
Range 10.0-30.0 7.0-30.0
Tumor location (no. [%] of patients)
Subcapsular 48/60(80) 52/131(40) | <0.001
Subphrenic 24/60 (40) 58/131 (44} 0.579
Dynamic CT enhancement pattern (no. [%] of patients) <0.001
Type 1 L3)] 46 (35)
Type 2 27 (45) 52 (40)
Type3 21(35) 24(18)
Type 4 8(13) 9(7)
Note—AFP = o-fetopratein, AST = aspartate aminotransferase, DCP = des-y—carboxy prothrombin.
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Fig. 2—Correlation between cumulative recurrence rates and enhancement patterns of pretreatment dynamic CT after each treatment procedure.
Aand B, Graphs show assaciations between cumulative hepatocellular carcinoma (HCC} recurrence rate after surgical resection (A) and after radiofrequency ablation
(B) and pretreatment dynamic CT enhancement pattern. :

markers were also measured once every month. TABLE 2: Predictors of Tumor Recurrence in Patients With Hepatocellular
Carcinoma Treated by Surgical Resection or Radiofrequency

After completion of HCC treatment, patients un-
derwent contrast-enhanced three-phase CT survey
every 3 months for recurrence. Local tumor pro-
gression was defined as tumor recurrence adjacent
to the resected or ablated area.

Statistical Analysis and Ethical Considerations

Differences in background features and labora-
tory data between the surgical resection and RFA
groups were analyzed by the chi-square test and
Mann-Whitney U test. Recurrence was analyzed
using the Kaplan-Meier technique, and differenc-
es in curves were tested using the log-rank test.
Independent factors associated with overall recur-
rence and recurrence characterized by multiple
nodules, portal vein invasion, or both were stud-
ied using stepwise Cox regression analysis. Poten-
tial risk factors for overall recurrence after surgi-
cal resection and RFA included the following 15
variables: age, sex, cause of background liver dis-
ease, serum albumin level, bilirubin level; aspar-
tate aminotransferase (AST) level, platelet count,
prothrombin time, AFP level, des-y—carboxy pro-
thrombin (DCP) level, diameter of the HCC, tu-
mor location relative to the hepatic capsule (pres-
ence or absence of tumor on subcapsular portion),
tumor location relative to the diaphragm (presence
or absence of tumor on subphrenic portion), treat-
ment procedure, and enhancement pattern of pre-
treatment dynamic CT analysis.

Potential risk factors for recurrence character-
ized by multiple nodules, portal vein invasion, or
both after RFA included the following 15 vari-
ables: age, sex, cause of background liver disease,
serum albumin level, bilirubin level, AST level,
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Ablation (RFA)
Univariate Analysis Multivariate Analysis
Category Hazard Ratio (35% CI) p Hazard Ratio (95% CI) p

Sex

1: Female 1

2: Male 1.26 (0.84-1.89) 0.274
Age

1:<65y 1 1

2:285y 1.50(0.10-2.26) 0.050 1.85(1.16-2.94) 0.010
Background liver disease

1: Hepatitis C virus 1

2: Hepatitis B virus 084(051-1.39) | 0503

3: Others 1.29(0.66-2.49} 0.458
Platelet count

1:210710%uL 1 1

2:<10710YpL 1.65(1.10-2.49) 0.016 1.61(1.04-2.48) 0.033
Albumin

1:23.5¢g/dL 1 )

2:<3.5¢g/dL 1.72(1.15-2.58) 0.008
Total bilirubin

1:<1.0mg/dL 1

2:21.0mg/dL 1.64(1.11-242) 0.013
Prothrombin activity

1:270% 1

2:<70% 1.95(1.01-3.75) 0.046
AST

1:<401U/L 1 1

2:2401U/L 1.65(1.09-2.49) 0.018 1.66 (1.04-2.66) 0.035

(Table 2 continues on next page)
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TABLE 2: Predictors of Tumor Recurrence in Patients With Hepatocellular
Carcinoma Treated by Surgical Resection or Radiofrequency

Ablation (RFA) (continued)

Univariate Analysis Multivariate Analysis
Category Hazard Ratio (95% CI) p Hazard Ratio (35% Cl) p
AFP
1:< 100 pg/L 1 1
2:>100 pg/L 2.21(1.40-3.50) 0.001 2.25(1.30-3.89) 0.004
pce
1:<30AU/L 1 1
2:>30AU/L 1.82(1.15-2.88) 0.011 1.77{1.05-2.99} 0.032
Tumor diameter
1. <20mm 1
2:220mm 1.13(0.76-1.67) 0.544
Tumor on subcapsular portion
1:Yes 1 1
2:No 1.37(0.93-2.00) 0.115 1.72(1.10-2.70) 0.019
Tumor on subphrenic portion
1:No 1
2: Yes 1.01(0.68-1.49) 0.984
Treatment
1: Surgical resection 1 )
2:RFA 1.52 (0.98-2.36) 0.062
Dynamic CT enhancement pattern
1: Type 1 1
2 Type2 1.33(0.81-2.18) 0.261
3:Type3 1.15{0.66-2.01) 0.628
4: Type 4 1.95 (0.98-3.89) 0.058

Note—AFP = o-fetoprotein, AST = aspartate aminotransferase, DCP = des-y~carboxy prothrambin.

platelet count, prothrombin time, AFP level, DCP
level, tumor diameter, tumor location relative to
capsule (subcapsular portion), tumor location rel-
ative to diaphragm (subphrenic portion), type of
RFA device, and dynamic CT enhancement pat-
tern. Several variables were transformed into cate-
goric data consisting of two to four simple ordinal
numbers for univariate and multivariate analyses.
All factors that were at least marginally associat-
ed with overall recurrence and recurrence charac-
terized by multiple nodules, portal vein invasion,
or both (p < 0.15) in univariate analysis were en-
tered into a stepwise Cox regression analysis. Sig-
pificant variables were selected by the stepwise
method. A two-tailed p < 0.05 was considered to
be statistically significant. Data analysis was per-
formed using statistics software (SPSS, version
1.0, SPSS Inc.).

The study protocol was approved by the Human
Ethics Review Committee of Toranomon Hospital.
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Results

Clinical Background, Laboratory Data, and
Distribution of Enhancement Patterns on
Pretreatment Dynamic CT

Table 1 summarizes the clinical profile
and laboratory data of 191 HCC patients
who were treated by surgical resection or
RFA. The RFA group included significantly
older individuals and significantly more pa-
tients with less preserved liver function com-
pared with the surgical resection group. The
cause of background liver disease was also
significantly different between the two treat-
ment groups: Patients in the surgical resec-
tion group had larger tumors that were more
likely to have a subcapsular location.

The type 2, 3, and 4 enhancement patterns
were more commonly observed in the surgical
resection group than the type 1 enhancement
pattern. In contrast, in the REA group, the type

1 enhancement pattern was rmore common-
ly observed than the type 2, 3, or 4 pattern. In
addition, the distribution of enhancement pat-
terns on pretreatment dynamic CT was signifi-
cantly different for each treatment procedure.

Distribution of Each Enhancement Pattern
and Frequency of Poorly Differentiated
Hepatocellular Carcinoma by Histologic
Examination in the Surgical Resection Group
In 60 surgical resection patients, four pa-
tients (7%) had the type 1 enhancement pat-
tern, 27 patients (45%) had the type 2 pattern,
21 patients (35%) had the type 3 pattern, and
eight patients (13%) had the type 4 pattern.
Pathologic HCC diagnoses by enhancement
pattern were as follows: type 1 enhancement
pattern, all patients had well-differentiated
HCC; type 2 enhancement pattern, five of 27
patients (19%) had well-differentiated HCC
and 21 of 27 (78%) patients had moderate-
ly differentiated HCC; type 3 enhancement
pattern, one of 21 patients (5%) had well-
differentiated HCC and 19 of 21 (90%) pa-
tients had moderately differentiated HCC;
and type 4 enhancement pattern, five of eight
patients (63%) had moderately differentiated
HCC. Rates of poorly differentiated HCC by
enhancement pattern were as follows: type 1
enhancement pattern, zero of four patients
(0%); type 2 enhancement pattern, one of 27
patients (4%); type 3 enhancement pattern,
one of 21 patients (5%); and type 4 enhance-
ment pattern, three of eight patients (38%).

Correlation Between Cumulative Recurrence
Rates and Enhancement Patterns on
Pretreatment Dynamic CT After Each
Treatment Procedure

In the surgical resection group, cumula-
tive recurrence rates were not significantly
different between each pretreatment dynam-
ic CT enhancement pattern (types 1,2, 3, and
4:0.0%, 12.0%, 9.5%, and 12.5% at the first
year after treatment, respectively, and 25.0%,
28.2%, 14.6%, and 37.5% at the second year)
(Fig. 2A). However, in the RFA group, the
cumulative recurrence rate was significantly
different between each enhancement pattern
(types 1, 2, 3, and 4: 8.7%, 31.1%, 16.7%,
and 0.0% at the first year, respectively, and
26.6%,46.9%, 38.6%, and 77.8% at the sec-
ond year, respectively; p = 0.042) (Fig. 2B).

Predictive Factors for Initial Recurrence After

Surgical Resection or Radiofrequency Ablation
Multivariate Cox proportional hazards anal-

ysis revealed that the following independent
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factors are predictive for recurrence of HCC treated by surgical resection or
RFA: AFP > 100 p g/L. (hazard ratio [HR], 2.25; 95% CI, 1.30-3.89; p =
0.004), age > 65 years (HR, 1.85; 95% CI, 1.16-2.94; p = 0.010), DCP =
30 AU/L (HR, 1.77; 95% CI, 1.05-2.99; p = 0.032), tumor not present in
subcapsular portion (HR, 1.72; 95% CI, 1.10-2.70; p=0.019), AST = 40
TU/L (HR, 1.66; 95% CI, 1.04-2.66; p = 0.035), and platelet count < 10 x 10%/
uL (HR, 1.61; 95% CI, 1.04-2.48; p = 0.033) (Table 2).

Association Between the Frequency of Recurrence Characterized by
Multiple Nodules, Portal Vein Invasion, or Both and Clinical Features for
Each Treatment Procedure

The frequency and clinical features of recurrence characterized by
multiple nodules, portal vein invasion, or both are presented in Table 3.
Such recurrences occurred in 10 of 191 patients (5.2%). In the surgical
resection group, recurrence occurred in one of 60 patients (1.7%), and
in the RFA group, recurrence occurred in nine of 131 patients (6.9%).
Notably, in the RFA group, six of nine patients (66.7%) had a pretreat-
ment type 4 enhancement pattern. Among the type 4 patients, recurrence
of HCC occurred more than 1 year after treatment in six of six patients
(100%) after RFA.

Regarding the needles used for RFA of HCC in these nine patients,
an internally cooled electrode (Cool-tip) was used in case 2 (Table 3), a
RITA multitined expandable electrode was used in case 4, and a LeVeen
multitined expandable electrode was used in the other seven patients.

Figure 3 shows a case of recurrence after RFA (case 7 in Table 3). Fig-
ures 3A and 3B show that the pretreatment dynamic CT and digital sub-
traction angiography (DSA) images revealed a type 4 dynamic CT en-
hancement pattern. In Figures 3C and 3D, dynamic CT and DSA images
acquired at the time of recurrence after RFA are shown: Multiple hepatic
tumors are apparent surrounding the previously ablated area.

Association Between Cumulative Hepatocellular Carcinoma Recurrence Rate
After Radiofrequency Ablation and Pretreatment Dynamic CT Enhancement
Patterns: Type 4 Versus Other Enhancement Patterns

In the RFA group, the cumulative recurrence rate was significantly
higher in tumors displaying a pretreatment type 4 dynamic CT enhance-
ment pattern than in tumors showing other enhancement patterns (type
4 vs other enhancement patterns, 0.0% vs 2.8% at the first year, 74.6%
vs 2.8% at the second year; p < 0.001).

Predictive Factors for Hepatocellular Carcinoma Recurrences
Characterized by Multiple Nodules, Portal Vein Invasion, or Both
After Radiofrequency Ablation

The Multivariate Cox proportional hazards analysis revealed that the
_ type 4 pretreatment dynamic CT enhancement pattern is an independent
predictive factor for HCC recurrence characterized by multiple nodules,
portal vein invasion, or both in patients with HCC treated by RFA (HR,
27.68; 95% CI, 6.82-112.33; p < 0.001) (Table 4).

Discussion

A number of local eradication therapies are currently available for
HCC. However, with the exception of surgical resection, the potential
risk of tumor dissemination always exists in patients who receive such
therapies. Therefore, to properly select the most suitable therapy for an
individual patient, it is important to predict the potential risk of HCC be-
fore treatment.

As others have previously reported [17, 18}, identification of poorly dif-
ferentiated HCC is particularly important for making good therapeutic

W670

TABLE 3: Frequency of Hepatocellular Carcinoma Recurrence Characterized by 10 or More Nodules, Portal Vein Invasion, or Both by Treatment

Procedure and Clinical Features
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progress. In one of our previous studies, we
identified the type 4 enhancement pattern
as an independent factor that is predictive
of poorly differentiated HCC [19]. The re-
sults of that study revealed that the risk of a
pathologic diagnosis of poorly differentiated
HCC in patients with a preoperative type 4
dynamic CT enhancement pattern is approx-
imately 13 times higher than that of patients
with a type 1 or 2 enhancement pattern.
Therefore, the first aim of this study was to
evaluate the clinical outcomes of patients with
HCC treated by surgical resection and of those
with HCC treated by RFA in association with
dynamic CT enhancement patterns. In the sur-
gical resection group, no significant differenc-
es in recurrence rates were observed between
patients with different enhancement patterns.
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We presume that no significant differences
were observed because surgical resection is
the most effective local eradication therapy
for HCC. In contrast, in the RFA group, sig-
pificant differences in recurrence rates were
observed between patients with different en-
hancement patterns. This result is surmised to
reflect the association between each enhance-
ment pattern and histopathologic diagnosis
based on the results of these associations in
the surgical resection group. However, in mul-
tivariate analysis, pretreatment dypamic CT
enhapcement pattern was not identified as an
independent factor predictive for recurrence
of HCC. Therefore, a larger-scale examination
is required in the future; depending on the re-
sults of that study, it may be necessary to re-
classify these enhancement patterns.

Fig. 3—383-year-old man with hepatocellular carci-
noma (case 7 in Table 3).

A, Pretreatment dynamic CT (arterial phase) image.
Tumer shows heterogeneous enhancement pattern
with irregular ringlike structures—that s, type 4
enhancement pattern.

B, Pretreatment digital subtraction angiography
{DSA}image shows single hypervascular nodule, so
radiofrequency ablation (RFA) was performed.

€, Dynamic CT study (arterial phase) image obtained
attime of recurrence after RFA (1.5 years after treat-
ment) shows multiple hepatic tumors are observed
around previously ablated area.

D, DSA image at time of recurrence shows multiple
hepatic tumors are observed around original tumor.

The second aim of this study was to inves-
tigate the relationship between recurrence
characterized by 10 or more nodules, portal
vein invasion, or both and pretreatment dy-
namic CT enhancement pattern in the RFA
group. Significant differences between the
enhancement patterns and recurrence rates
were observed, and in multivariate analy-
sis, a pretreatment type 4 dynamic CT en-
hancement pattern was identified as an inde-
pendent factor predictive of this type of HCC
recurrence after RFA treatment. The risk of
this type of recurrence in patients with a pre-
treatment type 4 dynamic CT enhancement
pattern was approximately 28 times high-
er than that of other enhancement patterns.
Based on these results, this new classifica-
tion of dynamic CT enhancement pattern—
particularly the type 4 enhancement pat-
tern—appears to be very useful for avoiding
RFA treatment likely to recur.

In addition, among the six patients with
a pretreatment type 4 dynamic CT en-
hancement pattern who underwent RFA,
this type of HCC recurrence occurred more
than 1 year after treatment in all six patients
(100%). Histopathologic tumor features and
adhesion molecules may have contributed to
this long interval between the initial treat-
ment and this type of recurrence after RFA.
However, in this study, we were not able to
perform tumor biopsies of nodules in pa-
tients with the type 4 enhancement pattern.
Further studies, including histopathologic
and molecular biologic examinations, are re-
quired to confirm this hypothesis.

This study has some limitations. First,
there were more HCC patients with HCV in
the RFA group than in the surgical resection
group; this difference might have been a po-
tential source of bias. This difference may
be because patients with HBV-related HCC
usually have a better liver reserve than those
with HCV-related HCC at the time of initial
hepatocarcinogenesis and that patients with
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TABLE 4: Predictors of Recurrence Characterized by Multiple Nodules, Portal Vein Invasion, or Both in Patients With

Kawamura et al.

Hepatocellular Carcinoma Who Underwent Radiofrequency Ablation (RFA)

Category

Univariate Analysis

Multivariate Analysis

Hazard Ratio (95% Ci}

Hazard Ratio (95% Ci)

Sex
1: Female
2:Male
Age
- 1:<65y
2:265y
Background liver disease
1: Hepatitis C virus
2: Hepatitis B virus
3: Others
Platelet count
1:210710%uL
2:<10°10%pL
Albumin
1:23.5g/dL
2:<3.5g/dL
Total bilirubin
1: < 1.0 mg/dL
2:21.0mg/dL
Prothrombin activity
1:270%
2:<70%
AST
1:<401U/L
2:2401U/L
AFP
1:< 100 g/l
2:>100pg/L
pce
1:<30AU/L
2:230AU/L
Tumor diameter
1:<20 mm
2:220mm
Tumor on subcapsular portion
1:Yes
2:No
Tumor on subphrenic portion
1:No
2:Yes
Type of RFA needle
1: LeVeen Needle Electrode® (Boston Scientific Japan)
2: Cool-tiph (Covidien}
3: Model 1500 series? (RITA Medical Systems)
Type of enhancement pattern
1:Types1,2,and3
2:Type 4

1
0.50(0.14-1.87)

1
1.31(0.33-5.24)

1
0.41{0.05-3.30)
1.23(0.15-9.87)

1
0.58(1.17-2.86)

1
1.22(0.30-4.88)

1
1.36 (0.36-5.06)

1
2.04(0.25-16.39)

1
4.99(0.62-39.93)

1
1.01{0.13-8.02)

1
3.73(1.00-13.89)

1
1.62{0.43-6.03)

1
2.44(0.50-11.11)

1.
1.60(0.43-5.96)

1
0.46 (0.06-3.75)
1.36 (0.17-11.05)

1
29.52(7.28-119.82)

0.305

0.703

0.405
0.843

0.499

0.783

0.649

0.505

0.130

0.998

0.050

0.473

0.272

0.484

0.470
0774

<0.001

1
21,68 (6.82-112.33)

<0.001

Note—AFP = a-fetoprotein, AST = aspartate aminotransferase, DCP = des-y~carboxy prothrombin.

aMultitined expandable electrode.
binternally cooled electrode.
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HCV-related HCC generally have smaller

tumors than those with HBV-related HCC.
Thus, more patients with HCV-related HCC
were treated by RFA. Another limitation is
that diagnosis of HCC was essentially based
on image analysis, and heterogeneous en-
hancement resembling the type 4 enhance-
ment pattern is recognized in other hepatic tu-
mors (e.g., cholangiocellular carcinoma and
fibrolamellar HCC). However, these other tu-
mors that show the type 4 enhancement pat-
tern are rare in patients with chronic hepatitis
or liver cirrhosis compared with HCC: Chol-
angiocellular carcinoma comprises 4.4% of
primary liver cancers [22] and fibrolamellar
HCC represents only 0.68% of liver tumors
in Japan. Thus, detection of a heterogeneous
enhancement pattern on dynamic CT images
should be considered first to represent HCC
with a highly malignant potential. Moreover,
regarding HCC nodules that have a type 4 en-
hancement pattern, MRI (T1- and T2-weight-
ed images, contrast-ecnhanced MRI, and
comparison of diffusion-weighted images ob-
tained with different b values) is considered
to contribute to improved tumor characteriza-
tion. Adoption of these advanced techniques
is expected to increase moving forward.

In our opinion, in patients with a type 4
enhancement pattern on dynamic CT imag-
es who have adequate liver reserve to allow
any treatment, including surgical resection,
we believe that the information about recur-
rence in this population could be used as an
index to prioritize surgical resection. If surgi-
cal resection cannot be performed, we recom-
mend up-front embolic therapies (e.g., TACE,
radioembolization) rather than RFA mono-
therapy alone.

In conclusion, the current study showed
a strong relationship between the type 4 en-
hancement pattern and HCC recurrence char-
acterized by 10 or more nodules, portal vein
invasion, or both after RFA treatment. The

AJR:197, October 2011
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management of HCC with a type 4 enhance-
ment pattern should include a thorough thera-
peutic approach including surgical resection.
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Backgromd: Adiponectin is shown to be inversely associated with development and progression of various cancers. We
evaluated whether adiponectin level was associated with the prevalence and histological grade of hepatocellular carcinoma
(HCC), and liver fibrosis in patients with hepatitis C virus (HCV) infection.

Methods: A case-control study was conducted on 97 HCC patients (cases) and 97 patients (controls) matched for sex, Child-
Pugh grade and platelet count in patients with HCV infection. The serum total and high molecular weight (HMW)
adiponectin levels were measured by enzyme-linked immunosorbent assays and examined in their association with the
prevalence of HCC. In addition, the relationship between these adiponectin levels and body mass index (BMI), progression
of liver fibrosis, and histological grade of HCC was also evaluated. Liver fibrosis was assessed’ using the aspartate

Results: There were no significant differences in the serum total and HMW adiponectin levels between cases and controls.
Moreover, there were no inverse associations between serum total and HMW adiponectin fevels and BM! in both cases and
controls. On the other hand, serum total and HMW adiponectin levels are positively correlated with APRI in both cases
respectively) and controls (r=0.482, P<0.001 and r=0.476, P<0.001,
respectively). Interestingly, lower serum total (OR 11.76, 95% Cl: 2.97-46.66 [P<<0.001]) and HMW (OR 10.24, Cl: 2.80-
37.40 [P<0.001] adiponectin levels were independent risk factors of worse histological grade of HCC.

Conclusions: Our results suggested that serum total and HMW adiponectin levels were predictors of liver fibrosis, but not
prevalence of HCC in patients with HCV infection. Moreover, low these adiponectin levels were significantly associated with
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Introduction

Hepatocellular carcinoma (HCC) is one of the most common
malignancies in the world. The incidence of HCC has increased in
Eastern Asia and Africa during the past several decades, and has
also increased in the United States [1]. In many countries, this
trend is attributed to hepatitis C virus (HCV) infections, and in
Japan, over 70% of all HCC are related to chronic liver disease
with HCV infection [2]. In order to prevent and treat this
malignancy, it is important to understand the pathogenesis of
HCC in patients with HCV infection.

Obesity is widely recognized as a significant risk factor for the
development of various cancers [3]. It also is suggested that obesity
is associated with the progression of chronic liver disease [4,5] and
with HCC [6]. Especially, nonalcoholic fatty liver disease is
recognized to be a hepatic manifestation of the metabolic

Z@: PLOS ONE | www.plosone.org

syndrome and obesity and insulin resistance play a major role in
the pathogenesis [7]. Nonalcoholic fatty liver discase represents a
spectrum of conditions that are histologically characterized from
simple steatosis to nonalcoholic steatohepatits, which is associated
with increased risk of advanced liver fibrosis, cirrhosis and
development of HCC [8]. Similarly, in patients with HCV
infection, several studies have shown that obesity was associated
with disease progression [4,5] and with HCC development [9,10].
However, it is unclear how obesity is linked to development of
HCC in patients with HCV infection.

Adiponectin is a peptide hormone secreted by adipocyte and
hepatocyte [11]. Adiponectin exists primarily in three forms: low
molecular weight trimers, medium molecular weight hexamers,
and high molecular weight (HMW) multimers [12]. Among three
forms, HMW adiponectin is thought to have more biological
activity than other forms of adiponectin {12,13]. Adiponectin has
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antiatherogenic, antiinflamatory and insulin-sensitizing actions
and is inversely associated with body mass index (BMLI); therefore
it is also linked to the various metabolic abnormalities associated
with obesity [14]. Recently, hypoadiponectinemia has been shown
to be an important risk factor for the development of various
cancers associated with obesity such as breast cancer [15],
endometrial cancer [16], colorectal cancer [17], and gastric
cancer {18]. However, it is still unknown whether adiponectin
contribute to the development of HCG in patients with HCV
infection. Moreover, adiponectin has been shown to be associated
with progression of liver fibrosis in patients with chronic liver
disease [19,20,21]. However, in patients with HCV infection, the
association between adiponectin and liver fibrosis is uncertain.

Histological grade is known to be one of the most important risk
factor for patients with HCC. Several studies have shown that
histological grade affected recurrence and survival after curative
resection and liver transplantation for HCC [22,23]. Although it is
known that worse histological grade is associated with high cell
proliferation and angiogenesis of HCC, these molecular mecha-
nisms is not unclear. Several clinical studies have demonstrated
that serum adiponectin levels were negatively associated with
increasing of histological grades of several cancers {15,24,25].

Therefore, in case-control study, we investigated the association
of serum total and HMW adiponectin levels with prevalence of
HCC in chronic liver disease with HCV infections. In addition,
the associations between these adiponectin levels and BMI,
progression of liver fibrosis, and histological grades of HCC were
also examined.

Materials and Methods

Ethics Statement

The study protocol was approved by The Ethical Committee of
Kurume University, and written informed consent for participa-
tion in the study was obtained from each subject and conformed to
the guidelines of the 1995 Declaration of Helsinki.

Patients

Between January 1997 and December 2007, 97 Japanese cases
with chronic HCV infection at the Kurume University School of
Medicine were diagnosed with HCC and enrolled in this study. All
cases had no medical history of previous or present neoplastic
disease at any other site. The case patients were histologically
confirmed with HCC by needle biopsy, and with a single tumor
<5cm or three or fewer tumors each =3 cm seen on
ultrasonography and computed tomography. Histological classifi-
cation was based on Liver Cancer Study Group of Japan [26].
According to Edmondson-Steiner classification [27], well differ-
entiated corresponds to grade I and a part of grade II, and
moderately differentiated corresponds to grade I and grade III
with a clear trabecular pattern, and poorly differentiated
corresponds to grade III with an indistinct trabecular pattern
and part of grade IV. Tumor sizes were determined based on the
largest dimension of the tumor. Between January 2005 and
December 2007, 97 patients with chronic HCV infection, who
matched for sex, Child-Pugh grade and platelet count (£20x10°%/
L), were randomly selected as controls at the same hospital. The
control patients had no medical history of previous or present
neoplastic disease, including HCC. In all cases and controls,
hepatic functional reserve was determined using the Child-Pugh
scoring system. Diabetes was defined as a fasting blood glucose
=196 mg/dl, and/or a random blood glucose =200 mg/dl. BMI
was caleulated as body weight in kg divided by the square of the
height in meters (kg/ m?).
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Assessment of liver fibrosis

Liver fibrosis was assessed using the aspartate aminotransferase
(AST) to platelet ratio index (APRI) in this study. APRI has been
recognized as a noninvasive test to characterize the degree of liver
fibrosis in chronic liver discase with HCV infection {28]. APRI
was calculated for all study subjects as follows: AST/upper limit of
normal (45 TU/L)x100/platelet count (10°/L).

Markers of hepatic virus

HCV infection was evaluated using anti-HCV antibody (HGV-
Ab). The diagnosis of HBV infection was also based on detection
of hepatitis B surface antigen (HBsAg). The presence of HCV-Ab
and HBsAg was determined using standard clinical methods
(Department of Clinical Laboratory, Kurume University Hospi-
tal). All cases and controls were positive for HCV-Ab and negative
for HBsAg in this study.

Measurement of serum adiponectin

Fasting morning blood samples were obtained from all subjects
and stored at —20°C for later analysis. Blood samples were
collected by all cases before HCC therapy was initiated. Serum
total and HMW adiponectin levels were measured by enzyme-
linked immunosorbent assays using the Human Adiponectin Latex
Kit (Riken Chemical Co., Ltd., Tokyo, Japan) and High Molecular
Weight Adiponectin Assay Kit (Fujirebio Inc., Tokyo, Japan),
respectively.

Statistical Analysis

Continuous variables were expressed as mean * standard
deviation. Comparisons between the 2 groups were performed
using the Mann-Whitney U test for continuous variables, and the
chi-square test for discrete variables. Pearson correlation test was
used to evaluate the association between plasma total and HMW
adiponectin levels and BMI and APRI in each cases and controls.
Comparison analysis between histological grades was performed
by the one-way ANOVA with Bonferroni corrections for post hoc
comparisons. The relationships between total and HMW adipo-
nectin and HCC histological grades of were determined using
multiple logistic regression models. Data were reported as odds
ratios (ORs) and 95% confidence intervals (95% CIs). All Pvalues
were 2-tailed, and P<0.05 was considered to be statistically
significant. Statistical analysis was performed using SPSS software
(SPSS Inc., Chicago, IL).

Results

Serum adiponectin levels and prevalence of HCC

The baseline clinical characteristics of the 97 cases and 97
controls were shown in Table 1. No significant differences were
found between cases and controls according to AST level, alanine
transaminase (ALT) level, APRI, diabetes mellitus, or BMI. The
mean age of the cases was significantly higher than the mean age
of the controls. The associations between serum total and HMW
adiponectin levels and prevalence of HCC were shown in Figure 1.
There were no significant differences between the mean total
adiponectin levels of the cases and controls (15.5% 10.4 pg/ml and
16.6=12.8 ug/ml, respectively, P=0.670) (Figure 1A), or the
mean HMW adiponectin levels (10.1%7.4 ug/ml  and
10.8+9.0 pg/ml, respectively, P=0.752) (Figure 1B).

Association between serum adiponectin levels and BMI

We examined the associations between serum total and HMW
adiponectin levels and BMI in cases and controls. In controls,
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there were no inverse associations between serum total and HMW
adiponectin levels and BMI (r=-0.142, P=0.166 for total
adiponectin [Figure 2A] and r=-—0.144, P=0.160 for HMW
adiponectin [Figure 2B]). Similarly, in cases, there were also no
inverse associations between serum total or HMW adiponectin
levels and BMI (r=—0.129, P=0.208 for total adiponectin
[Figure 2C] and r=—0.131, P=0.201 for HMW adiponectin
[Figure 2D}).

Association between serum adiponectin levels and APRI

We also evaluated the associations between serum total and
HMW adiponectin levels and APRI in cases and controls. In
controls, serum levels of total and HMW adiponectin were
positively associated with APRI (c=0.482, P<0.001 for total
adiponectin [Figure 3A] and r=0.476, P<0.001 for HMW
adiponectin [Figure 3B]). Similarly, in cases, serum levels of total
and HMW adiponectin were positively associated with APRI

Table 1. Baseline clinical characteristics in case and control.
Case Control P value
74 .97
Age (years) 67.4+83 61.2=11.4 <0.001
Gendér (Femalé/Male). 30/67 30467 Matched-variable
6131283 60.0+28.5 0.632
‘5842334 60.0+31.8 0513
1150+514 11552525 Matched variable
15510 1511 0863
82/15 82/15 Matched variable
ey 71426 025
225+3.2 23.1%33 0.228
ol 155104 1662128 05670
HMW adiponectin (uglﬁnl) 10174 10.8+9.0 0.752
Continuous variables presented as mean : standard deviation.
Abbreviation: AST = aspartate aminotransferase; ALT =alanine aminotransferase;
APRI=aspartate aminotransferase-to-platelet ratio index; BMI=body mass index;
HMW = high molecular weigh.
doi:10.1371/journal.pone.0026840.t001

(r=0.491, P<0.001 for total adiponectin [Figure 3C] and
r=0.485, P<0.001 for HMW adiponectin [Figure 3D]).

Comparison of serum adiponectin levels according to
HCC histological grades

The baseline clinical characteristics of 97 HCC cases were also
separately evaluated according to the histological grades (Table 2).
No significant differences were found between HCC histological
grades and age, gender, AST level, ALT level, platelet count,
APRI, Child-Pugh grade, diabetes mellitus, BMI, alpha-fetopro-
tein (AFP) level, des-gamma-carboxy prothrombin (DCP) level,
and number of tumor. Patients with moderately and poorly
differentiasted HCC had significantly larger tumor sizes than
patients with well-differentiated HCC. The associations between
serum total and HMW adiponectin levels and HCC histological
grades were shown in Figure 4. The mean total adiponectin levels
in patients with moderately (13.4+6.9 pg/ml, P=0.001) and
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Figure 1. Comparison of adiponectin levels between 97 controls and 97 cases. A. Comparison of total adiponectin levels between patients
with cases and controls (P=0.670). B. Comparison of HMW adiponectin levels between patients with cases and controls (P=0.752).

doi:10.1371/joumal.pone.0026840.g001
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poorly (11.5%7.3 pg/ml, P<0.00I) differentiated HCC  were
significantly lower compared to those in patients with well-
differentiated HCG (22.0%13.6 pg/ml). The mean HMW adipo-
nectin levels in patients with moderately (8.6=4.7 yg/ml, P<0.001)
and poorly (6.9%5.0 ug/ml, P<0.001) differentiated HCC were
significantly lower compared to those in patients with well-
differentiated HCC (14.9+9.5 pg/ml). In addition, multiple logistic
regression analyses were performed to determine whether the serum
total and HMW adiponectin levels were independently associated
with HCC histological grades (Table 3). In the analysis adjusted for
other variables, lower serum total adiponectin levels (12-24 pg/ml;
OR: 9.33,95% CI: 2.27-38.43 [P=0.002], <12 pg/ml; OR 11.76,
95% CI: 2.97-46.66 [P<<0.001]) and serum HMW adiponectin
levels (7-14 pg/ml; OR: 5.67, 95% CI: 1.66-19.33 [P= 0.006],
<7 pg/ml; OR 10.24, CI: 2.80-37.40 [P<0.001]) were indepen-
dent risk factors for worse HCC histological grades.

Discussion

Obesity is known to be associated with various cancers and
hypoadiponectinemia has been also shown to be a risk factor for
these obesity-associated cancers [15,16,17,18]. Epidemiological
evidence of the association between obesity and HCGC is also
rapidly increasing including patients with HCV infection. In a
community-based cohort study, Chen et al. reported that obesity
was an independent risk factor for HCC development in anti-
HCV-seropositive subjects [9]. Therefore, we hypothesized that
serum adiponectin level may be associated with the prevalence of
HCC in patients with HCV infection. However, in this case-
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control study, serum total and HMW adiponectin levels were not
significantly and inversely associated with the prevalence of HCC.
Similarly, Nkontchou et al. also demonstrated that serum level of
adiponectin is not predictive of HCC development in patients with
compensated HCV cirrhosis [29]. In patients with HCV infection,
it is well known that metabolic abnormalities such as obesity and
diabetes are closely associated with hepatic steatosis [4] and severe
fibrosis [5]; as a result, obesity affect as a partial factor of HCC
development. On the other hand, several recent reports have
shown that hypoadiponectinemia was associated with hepatic
steatosis only in limited genotype [30] and association between
hypoadiponectinemia and fibrosis progression was not found in
patients with HCV infection [31]. In addition, we assessed the
association between BMI and serum adiponectin levels in cases
and controls. Our results showed that these adiponectin levels
were not inversely associated with BMI, suggesting that adipo-
nectin is not a cofactor in the development of HCC associated with
obesity in patients with HCV infection.

Recently, several studies have been reported that serum
adiponectin level was associated with progression of liver fibrosis
in patients with chronic liver disease [19,20,21]. We also evaluated
the association between serum total and HMW adiponectin levels
and progression of liver fibrosis. APRI is a useful noninvasive
marker for the prediction of liver fibrosis in chronic liver disease
with HCV infection [28] and we assessed the degree of liver
fibrosis by APRI in this study. As a result, serum total and HMW
adiponectin levels were positively and significantly associated with
APRI in both cases and controls. Tietge et al. reported that
circulating adiponectin level increased in patients with liver
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Figure 3. Serum adiponectin levels and aspartate aminotransferase-to-pl let ratio index (APRI). A. Correlation between serum total
adiponectin levels and APRI in controls (r=0.482, P<0.001). B. Correlation between serum high molecular adiponectin (HMW) adiponectin levels and
APRI in controls (r=0.476, P<0.001). C. Correlation between serum total adiponectin levels and APRI in cases (r=0.491, P<0.001). D. Correlation
between serum HMW adiponectin levels and APRI in cases (r=0.485, P<0.001).

doi:10.1371/journal.pone.0026840.g003

Table 2. Association between clinical characteristics and histological grade in patients with hepatocellular carcinoma.
Well Moderate Poor P value
Ni e 300 39 .28 v
Age (years) 67.5+6.9 67.3:82 67.1£9.9 0942
Gender:(Female/Male) 119 1227 7 0630
AST (U/L) 672238 59.5+28.8 59.3+259 0.409
ALT 1|_) S 610355 60.0+33:1 535321 0647
Platelet count (x10°/L) 103.1+46.5 116.9£47.6 125.1%£54.0 0.228
APRL o 181 13+09 13209 0213
Child-Pugh grade (A/B+C) 2218 36/3 24/4 0095
bia litus:(Absetit/Present) " 2406 2118 19/9 0073
BMI (kg/m?®) 225+32 224230 226+35 0.949
AFBinglmi) 513%744 16504484 560.11508.8 0.065
DtP (mAU/ml) 65.5+139.5 464.2+978.8 276.1£586.4 0.070
Tumot:skze (mim) 21.0+49 - 268+10.0f 266+11.8t 0.027
Tumor number (single/2-3) 19/11 29/10 19/9 0.609
Total:adiponectin (ug/mi): 220+136 1342691 115£7.3t <0.001
HMW adiponectin (ug/ml) 14995 86+471 6950t <0.001
Continuous variables presented as mean = standard deviation.
Abbreviation: AST = aspartate aminc fi ALT = alanine aminc ferase;
APRI=aspartate aminotransferase-to-platelet ratio index; BMI = body mass index;
AFP = alpha-fetoprotein; DCP = des-gamma-carboxy prothrombin; HMW = high molecular weigh.
tp<0.05 for Bonferroni corrected post hoc comparison with well-differentiated hepatocellular carcinoma.
doi:10.1371/journal.pone.0026840.t002
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Figure 4. Comparison of adiponectin levels according to histological grades in 97 cases. A. The serum total adiponectin levels in patients
with moderately (P=0.001) and poorly (P<0.001) differentiated hepatocellular carcinoma (HCC) were significantly lower compared to those in
patients with well-differentiated HCC. B. The serum high molecular weight (HMW) adiponectin levels in patients with moderately (P<0.001) and
poorly (P<0.001) differentiated HCC were significantly lower compared to those in patients with well-differentiated HCC.

doi:10.1371/journal.pone.0026840.9004

cirrhosis, because of reduced liver function as a major source of
adiponectin extraction and altered hepatic hemodynamics [20].
Taken together serum total and HMW adiponectin levels may be
a predictors of liver fibrosis in patients with HCV infection.

Next, we examined the relationship between serum adiponectin
levels and HCC histological grades. Interestingly, low total and
HMW adiponectin levels were independent risk factors for worse
HCC histological grades. It is generally known that majority of
HCC arises as very well-differentiated cancers and proliferate in a
stepwise process of dedifferentiation. When small HCC of the
early-stage reach around 1.5-2.0 cm, moderately or poorly
differentiated cancer tissues develops within the well-differentiated
cancer tissue, and well-differentiated cancer tissue are replaced by
less differentiated cancer tissue in so-called advanced HCC {32].
In this study, the mean tumor size of well-differentiated HCC was
14.2%3.2 mm, which was significantly smaller than the mean size
of moderately and poorly differentiated HCC. This result
indicated that a dedifferentiation of HCC is associated with tumor
proliferation.

multiple logistic regression analysis.

This is a cross-sectional study and causal relationship between
serum adiponectin level and dedifferentiation of HCC is unclear.
One would think that dedifferentiation of HCC may trigger a
mechanism which leads to decreased serum adiponectin level.
However, it seems that hypoadiponectinemia may trigger
dedifferentiation of HCC because of followings: Saxena et al.
showed that adiponectin increased the phosphorylation of AMP-
activated protein kinase (AMPK) and the TSC2 tumor suppressor,
and inhibited phosphorylation of the mammalian target of
rapamycin (mTOR) in vitro assay using Huh7 and HepG2
HCC cells [11]. Moreover, microarray analysis of tissue
adiponectin expression levels in human HCC patients revealed
that adiponectin expression was inversely correlated with tumor
size [11]. Miyazaki et al. showed that adiponectin stimulated c-Jun
NH2-terminal kinase (JNK) activation and suppressed signal
transducer and activator of transcription 3 (STATS3) activation
in HepG2 HCG cells [33]. Thus, these studies support that
adiponectin level may inhibit proliferation and differentiation of
HCC.

Table 3. Association between total and HMW adiponectin and histological grade in patients with hepatocellular carcinoma by

Model 1

Model 2

kTotal adiponectin (ug/ml)

| Referenice’ Lo Reference e

12-24 667 (1.83-24.3) 0.004 933 (2.27-38.43) 0002

; L SET@esE) <0001 M7e@9rdess | <0m0T
HMW adiponectin (ug/ml) v ‘
aak e . Reférerice " Reference o

7414 438 (1.40-13.64) 001 567 (166-1933) 0.006
kT . .992291-3385) <0001 ©1024.(280-37.40). <0001

Model 1: adiponectin only.
Model 2: adiponectin and covariates in Table 2.
doi:10.137 1/journal.pone.0026840.t003

@ PLoS ONE | www.plosone.org

Abbreviation: OR= odds ratio; 95% Ci=confidence interval; HMW = high molecular weigh. '
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Angiogenesis is also an important process for proliferation,
dedifferentiation, and metastasis of HCC. In small sized and well-
differentiated HCCs, artery-like vessels are not well developed
[34]. On the other hand, in moderately or poorly differentiated
HCCs with 2 cm or larger, artery-like vessels are well developed
{35], and these tumors display high proliferation and metastasis so-
called advanced stage. Vascular endothelial growth factor (VEGEF)
is an endothelial cell-specific mitogen, and is the most important
factor in tumor angiogenesis [36]. Yamaguchi et al. showed that
VEGF expression in well-differentiated HCC was higher than
expression in moderately and poorly differentiated HCC [37].
Well-differentiated HCCs that are 1.0-1.5 cm would be in the
transitioning from the portal blood supply to an arterial blood
supply, which would result in increased VEGF expression because
of relative hypoxia from low blood flow. Therefore, high VEGF
expression in small-sized and Well-differentiated HCCs suggests
that VEGF plays an important role during relatively early
angiogenesis stages in HCC. Previous studies have reported on
the the molecular mechanisms involved in the negative association
of adiponectin with tumor angiogenesis [38,39]. Man et al. showed
in an orthotopic liver tumor nude mouse model that adiponectin
suppresses tumor growth through inhibition of tumor angiogenesis
[39]. The molecular mechanism involves adiponectin downregu-
lation of VEGF expression through inhibition of tumor-associated
macrophages in tumor tissue. Moreover, the nude mice admin-
istrated adiponectin had significantly lower circulating VEGF
Jevels than the control. This result suggests that adiponectin may
inhibit dedifferentiation in well-differentiated HCC by inhibition
of tumor angiogenesis-related VEGF.

Adiponectin exists mainly in three forms [12]. HMW
adiponectin is thought to have higher biological activity than the
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Abstract

BACKGROUND: Metronomic chemotherapy involves frequent, regular administration of cytotoxic drugs at non-
toxic doses, usually without prolonged breaks. We investigated the therapeutic efficacies of metronomic S-1,
an oral 5-fluorouracil prodrug, and vandetanib, an epidermal growth factor receptor and vascular endotheiial
growth factor (VEGF) receptor tyrosine kinase inhibitor, in models of hepatocellular carcinoma (HCC). METHODS:
We compared anti-HCC effects and toxicity in the six treatment groups: control (untreated), maximum tolerated dose
(MTD) S-1, metronomic S-1, vandetanib, MTD S-1 with vandetanib, and metronomic S-1 with vandetanib. Tumor
microvessel density (MVD) and tumor apoptosis were evaluated by immunohistochemistry. The expression of VEGF
and thrombospondin-1, an endogenous inhibitor of angiogenesis, was analyzed by Western blot. RESULTS: Metro-
nomic S-1 significantly inhibited tumor growth, which was enhanced by combination with vandetanib. With respect
to toxicities, MTD S-1 caused severe body weight loss and myelosuppression, whereas metronomic S-1 did not
cause any overt toxicities. Moreover, metronomic S-1 or metronomic S-1 with vandetanib prolonged survival, the
latter treatment providing the greatest benefit. Metronomic S-1 and metronomic S-1 with vandetanib decreased
MVDs and increased apoptosis in tumor tissues. The expression of VEGF in tumor tissues was upregulated by van-
detanib and metronomic S-1 with vandetanib, whereas the expression of thrombospondin-1 was upregulated by
metronomic S-1 and metronomic S-1 with vandetanib. CONCLUSION: Metronomic S-1 with an antiangiogenic agent
seems to be an effective and safe therapeutic strategy for HCC.

Neoplasia (2011) 13, 187-197

Introduction

Hepatocellular carcinoma (HCQ) is the fifth most common solid tu- Abbreviations: HOC, hepatocellulas carcinoma: MTD, maximum tolerated dosc; ’

mor and the third leading cause of cancer-related deaths globally [1].
Although prognosis of carly and intermediate stage HCC has im-
proved owing to advances in treatments, there are few proven effective
systemic therapies for advanced HCC [2]. In particular, conventional
chemotherapy using cytotoxic drugs for advanced HCC has not been
shown to improve survival. Almost all cases of HCC occur in patients
with chronic liver disorders, such as liver cirrhosis. Patients with liver cir-
thosis have liver dysfunction and also pancytopenia. These pathologies

microvessel density; VEGE, vascular endothelial growth factor; EGE epidermal growth
facror; TSP-1, thrombospondin-1; HUVEC, human umbilical vascular endothelial cell
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limit the use of conventional chemotherapy as a treatment strategy
for HCC.

Conventional chemotherapy often involves pulsatile administration
schedules using maximum tolerated doses (MTDs) of cytotoxic drugs.
The long break periods between therapies not only allow recovery from
various toxicities, especially myelosuppression, but also provide an oppor-
tunity, unfortunately, for the drug-treated tumors to recoveras well [3]. In
contrast, metronomic chemotherapy is given at frequent intervals using
minimally or nontoxic doses without prolonged breaks. In several pre-
clinical studies, such metronomic protocols have shown surprisingly
effective antitumor effects, despite the reduced toxicity [4-6].

$-1 is an orally novel cytotoxic S-flurouracil (5-FU) prodrug, which consists
of tegafur and two biochemical modularors, 5-chloro-2,4-dihydroxypyridine
and potassium oxonate [7]. 5-Chloro-2,4-dihydroxypyridine competi-
tively inhibits dihydropyrimidine dehydrogenase approximately 180 times
more effectively than uracil. Thus, S-1 gives rise to high concentrations
of 5-FU in blood and tumor tissue for long-term periods since bio-
chemical modulation [7,8]. A drug similar to S-1, namely, UFT, has
been used successfully in metronomic preclinical studies [5). Moreover,
in the dinic it has been used successfully in randomized phase 3 wrials in
2 metronomic fashion to treat in an adjuvant manner a variety of early
stage cancers, after surgery, including non—small cell lung cancer [9]
and breast cancer [10]. Because S-1 is thought to be more potent than
UFT with respect to the effect of biochemical modulations, one might
expect a stronger antitumor effect by using S-1 [7]. In this study, we
describe a method of administering metronomic S-1 to treat HCC
and compare it to conventional MTD S-1 chemotherapy, either alone
or with an antiangiogenic drug,

Tyrosine kinase inhibitors such as sorafenib have proven activity in
HCC patients and now represent one of the few effective systemic
therapies for HCC [11]. Preclinical studies have also shown that the
antitumor effect of metronomic chemotherapy can be significandy
enhanced by combination with vascular endothelial growth factor
(VEGF) pathway targeting agents (12,13]. In this study, we show here
that metronomic S-1 might be a promising therapy to consider for
concurrent daily combination with an oral antiangiogenic drug, in this
case, vandetanib (ZDG6474; AstraZeneca Pharmaceuticals, Macdlesfield,
UK). Vandetanib inhibits not only the catalytic function of VEGFR-2
but also EGF receptors (EGFRs), in contrast to sorafenib or sunitinib
that do not affect EGFRs [14]. We evaluated the efficacies of vandeta-
nib alone in vivo for HCC-bearing mice using various hepatoma cell
lines that had different expressions of EGFR (submitted for publi-
cation). EGFR is known to contribute to 5-FU drug resistance, and
5-FU is the major metabolite of S-1 [1 5). Therefore, there is a rationale
for drug targeting of both EGF receptors and VEGF receptors along
with metronomic chemotherapy, which was the purpose of this study.
Thus, we investigated the efficacy of combining with each treatment
schedule of S-1 and vandetanib using two HCC cell lines, which express
low or high levels of EGFR, that is, KYN-2 and Huh-7, respectively.
Overall, our results suggest that the combination treatment of metro-
nomic S-1 plus vandetanib may be useful for the therapy of HCC.

Materials and Methods

Cell Lines and Culture

Tn human hepatoma cell lines, Huh-7 was originally purchased from
CAMBREX Bio Science Walkersville, Inc (Walkersville, MD), and
KYN-2 was provided by the Department of Pathology, Kurume Univer-

sity School of Medicine. Cells were maintained in Dulbecco modified
Eagle medium (DMEM; Gibco Invitrogen Cell Culeure Co, Auckland,
New Zealand) supplemented with 10% fetal bovine serum (FBS).

Human umbilical vascular endothelial cells (HUVECs) were pur-
chased from CAMBREX Bio Science Walkersville, Inc, and maintained
with endothelial cell growth medium-2 (Clonetics, San Diego, CA)
containing 5% FBS.

Animals and Drugs :

Male 5-week-old nude mice (BALB/c nu/nu) were purchased from
Kyudo KK (Fukuoka, Japan). All experiments were conducted in
accordance with the National Institutes of Health guidelines for the
Care and Use of Laboratory Animals.

5.FU was purchased from Kyowa Hakko Kogyo Co, Ltd (Tokyo,
Japan). S-1 was provided by Taiho Pharmaceutical Co, Ltd (Tokyo,
Japan). S-1 consists of a mixture of tegafur, gimeracil, and oteracil at
molar ratio of 1:0.4:1 in 0.5% hydroxypropylmethylcellulose
(HPMC) solutions. Vandetanib (ZD6474; Zactima) was provided
by AstraZeneca Pharmaceuticals (Macclesfield, UK).

In Vitro Cell Proliferation Assay
As the tegafur component of S-1 is physiologically converted to 5-

'FU in the body, we evaluated the difference of antiproliferative effects

in vitro of 5-FU using different schedules with both hepatoma cells
and HUVEGs. Approximately 1000 cells in 100 pl of DMEM con-
taining 10% FBS was added to each well of 96-well plate. After incuba-
tGon for 24 hours, the medium was exchanged to the serum-containing
medium with various concentrations of 5-FU (0, 1, 10, 100, 500, 1000,
10,000 ng/ml). Each cell line was exposed to 5-FU for 5 days. To eval-
uate the antiproliferative effect of “MTD” versus “metronomic” chemo-
therapy, exchange of the medium containing 5-FU was performed using
different schedules. For the metronomic schedule, the medium contain-
ing 5-FU was exchanged daily as described previously [16]. For the
MTD schedule, the medium containing 5-FU was not changed. After
incubation, cell proliferation was evaluated by a tetrazolium-based assay
(Cell Count Reagent SF; Nakalai Tesque, Inc, Kyoto, Japan).

Determination of the Optimal Dose for S-1 Using
Metronomic Chemotherapy

We determined the optimal metronomic dose of S-1 according to a
previous report, which involved evaluating different doses of a chemo-
therapy drug both for antitumor effects and toxicity, with the aim of
determining a dose that has minimal toxicity but retains good efficacy
[17]. A total of 5 x 10¢ Huh-7 cells were injected into the flank re-
gions of nude mice. Therapy with different doses of S-1 was initiated
when the estimated tumor volume (0.52 x length x width®) reached
150 to 200 mm?>. Mice received S-1 orally administrated by gavage
with the following agents on a daily basis for 14 days: 1) HPMC as
the control group; 2) S-1, 7.5 mg/kg per day; 3) S-1, 5.0 mg/kg per
day; 4) S-1, 2.5 mg/kg per day; or 5) S-1, 1.0 mg/kg per day. Tumor-
bearing mice were randomly divided into groups of 10 mice. The
mice were killed at day 15 after start of treatment. The inhibition rate
of tumor growth (IR %) was calculated as follows: IR % = (1 ~ mean
RTV of treatment group / mean RTV of control group) x 100, where
RTV indicates the relative tumor volume: tumor volume on killing /
tumor volume on initial treatment. For comparison of the toxicity in
each group, mouse body weights were measured every 3 days. Periph-
eral leukocyte count and hemoglobin (Hb) concentrations of these
mice were also measured at day 15.
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Tumor Growth and Toxicity Assessment in the Subcutaneous
Tumor Transplant Model

We selected as the optimal metronomic dosage for $-1, 5.0 mg/kg
per day based on our aforementioned study. We selected the MTD for
$-1 15 mg/kg per day for 7 days, followed by a 7-day break period,
based on previous published findings [6]. To compare the antitumor
effect and toxicity caused by MTD or metronomic $-1, long-term
experiments were performed using the Huh-7 subcutaneous trans-
plant model. Mice were randomly divided to six groups: 1) HPMC
as the control group; 2) MTD S-1, 15 mg/kg per day p.o. for 1 week,
followed by a 1-week break period for a cumulative dose of 95 mg/ kg
3) metronomic S-1, 5 mg/kg per day p.o. for 2 weeks without any break
period for a cumulative dose of 70 mg/kg; 4) vandetanib 25 mg/kg per
day p.o. for 2 weeks; 5) MTD S-1 with vandetanib; or 6) metronomic
S-1 with vandetanib. Each group consisted of 10 mice. It is important
to note that the cumulative metronomic doses were distinctly less than
the cumulative MTD. In other words, whereas the schedule used was
“dose-dense,” it was not “dose intense.” The aforementioned schedules
were performed in two cycles, 4 weeks in total. Estimated tumor vol-
umes were measured every 3 days, and all mice were killed after 4 weeks
of treatment. For comparison of the toxicity in each group, mouse body
weights were measured every 3 days. Peripheral leukocyte count and
hemoglobin (Hb) concentrations in these mice were also measured
at sacrifice.

Tumor Growth and Survival Assessment in the Orthotopic
Transplant Model

We also examined tumor growth using an orthotopic liver trans-
plant model. The mice were implanted with 2 x 106 KYN-2 cells into
the left lobe liver. Mice were randomly divided into six groups, as out-
lined above, and therapy was initiated 7 days after implantation of
rumor cells. Each group consisted of 10 mice. The mice were killed
at day 29 of initial treatment, and tumor volumes were evaluated.

In addition, a survival study was also performed using the KYN-2
orthotopic transplant model for the six groups as mentioned above.
Fach group consisted of 10 mice. In the group for survival observa-
tion, animals were killed according to (pre)clinical signs of weakness,
for example, anorexia, or greater than 20% weight loss, and days of
life were recorded from initial treatment.

Immunohistochemical Staining of CD31, PCNA, and TUNEL

The sections of all tumor tissues obtained from KYN-2 orthotopic
transplant model were boiled for 30 minutes by high pH target re-
trieval solution (DAKO Japan, Kyoto, Japan) for antigen retrieval. The
sections were incubated with rabbit anti-human CD31 antibody (diluted
1:300; Abcam, Inc, Tokyo, Japan) and rabbit anti-human PCNA anti-
body (diluted 1:250; Abcam, Inc) at 4°C overnight. Then the avidin-
biotin procedures were subsequently performed using a Vectastatin
ABC Kit (Vector Laboratories, Inc, Burlingame, CA). The sections were
reacted with 0.005% H,0,-3,3/-diaminobenzidine at room tempera-
ture for 1 minute. For quantification of microvessel density (MVD),
CD31-positive vessels were counted in randomly selected 30 areas per five
wumors in each treatment group at 200-fold magnification.

The terminal deoxynucleotidyl transferase-mediated dUTP nick
end labeling (TUNEL) method was performed for the evaluation
of apoptosis in each of the treated tumor tissues. TUNEL labeling
was performed using the ApopTag Kit (Chemicon, Temecula, CA)
according to the manufacturer’s instructions. The stained sections
of tumors of each group were reviewed, and the apoptosis index,

determined by TUNEL staining, was determined by counting at
least 1000 cells in five randomly selected high-power fields (magni-
fication, x200).

Expression of Thrombospondin-1 and VEGF in Tumor Tissues

We examined the expression of VEGF and thrombospondin-1
(TSP-1) in treated tumor tissues using Western blot analysis. TSP-
1 is a known endogenous antiangiogenic protein [18]. Five samples
of each treatment group and control group were loaded in equal con-
ditions, respectively. Thirty micrograms of protein was loaded onto a
NuPAGE 4% to 12% Bis-Tris gel (Invitrogen, CA). Membranes
were incubated with rabbit anti-TSP-1 antibody (1:350 dilution;
Abcam, Inc) or rabbit anti-VEGE antbody (1:500 dilution; Abcam,
Inc) at 4°C overnight. Equal protein loading was assessed by mouse
anti—B-actin antibody (1:1000 dilution; Sigma, St Louis, MO). After
incubation with HRP-conjugated anti—rabbit immunoglobulin G
(1:10,000 dilution; GE Healthcare UK Ltd, Buckinghamshire,
UK) or HRP-conjugated anti-mouse immunoglobulin G antibody
(1:5000 dilution; GE Healthcare UK Ltd) for 1 hour, immunoreac-
tive bands were stained by an enhanced chemiluminescence Western
blot analysis system using LAS 4000 mini (Fujifilm, Tokyo, Japan)
and were calculated with the amount of luminescence in each sample
using multigauge software (Fujifilm). The relative amount of lumi-
nescence in each treatment group for the control group was expressed
as [(treatment group VEGF or TSP-1 / treatment group P-actin) /
(control group VEGF or TSP-1 / control group B-actin)] and com-
pared with each group.

Statistical Analysis

All experimental data were expressed as mean + SD. Differences
between groups were examined for statistical significance using the
Mann-Whitney U test, the Kruskal-Wallis test, and nonparametric
analysis of variance. If the one-way analysis of variance was signifi-
cant, differences between individual groups were estimated using the
Fisher least significant difference test. Overall survival was estimated
according to the Kaplan-Meier method and compared using the log-
rank test. P < .05 was considered to be statistically significant.

Results

Comparison of Antiproliferative Effects of Metronomic versus
MTD Type Chemotherapy In Vitro

The 50% inhibitory concentration (ICse) levels of metronomic
and MTD schedules of 5-FU, the major metabolite of S-1, for each
cell line are shown in Table 1. The antiproliferative effects of 5-FU
for each cell line were found to be dose-dependent (Figure 1, 4-C).
The ICsy levels for the MTD and metronomic schedule for Huh-7
cells were 3.84 and 0.77 puM, respectively (Figure 14). The ICso

Table 1. ICs, Levels of MTD and Metronomic Schodule in Hepatoma Cell Lines and Endothelial Cell

5-FU ICsq (uM)
MTD Metronomic
Hepatoma cell lines
Huh-7 3.84 0.77
KYN-2 7.69 3.84
Endothelial cell
HUVECs 77 0.76
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Figure 1. Inhibitory effect of metronomic chemotherapy for each cell

line tested in a cell proliferation assay. To evaluate the antiprolifera-

tive effect of “MTD" and “metronomic” chemotherapy in vitro, exchange of the medium containing 5-FU was performed in different
schedules. For the metronomic schedule, the medium containing 5-FU (0, 1, 10, 100, 500, 1000, and 10,000 ng/ml) was exchanged once
a day. For the MTD schedule, the medium containing 5-FU was not changed. Data are shown as a ratio of the controf and expressed as
mean =+ SD of 10 samples. *P < .001 compared with each schedule. Dark gray-shaded columns show MTD schedule, and light gray—
shaded columns showed metronomic schedule. (A) HUVEC. HUVEC was cultured with 100 ul of endothelial cell growth medium-2 with
5% FBS containing 5-FU. (B) Huh-7. (C) KYN-2. Hepatoma cells were cultured with 100 ul of DMEM with 10% FBS containing 5-FU.

levels for KYN-2 were 7.69 and 3.84 pM, respectively. For the hep-
atoma cell lines, the metronomic schedule inhibited cell proliferation
at approximately 1/2 to 1/4 concentrations of 5-FU compared with
MTD schedule (Table 1). The metronomic schedule for HUVECs
inhibited cell proliferation at apparently lower levels (ICso levels,
0.76 uM) approximately 1/10 the concentration of 5-FU compared
with MTD schedule (ICsq levels, 7.7 uM; Table 1).

Determination of the Optimal Dose of S-1 for Metronomic
Chemotherapy In Vivo: Maximum Tumor Growth Inhibition
with Minimal Toxicity

In the 7.5- and 5.0-mg/kg-per-day S-1 treatment groups, there
were significant differences in suppression of tumor growth com-
pared with the control group (P < .05; Figure 24), and dosages lower
than 2.5 mg/kg per day S-1 were not statistically effective compared

with the control group. In addition, we evaluated body weight loss
and myelosuppression toxicities associated with administration of
S-1 (Figure 2, B-D). With respect to body weight loss, there was no
significant difference between each group (Figure 2B). But only the
7.5-mg/kg-per-day group showed severe toxicity as determined by reduc-
tions in Hb concentration and leukocyte count (P<.001, compared with
the control group; Figure 2, C and D). Therefore, we selected 5.0 mg/kg
per day as the optimal metronomic dosage of S-1, which was used in all

subsequent experiments.

Evaluation of the Antitumor Effect and Toxicity for
Metronomic S-1 Chemotherapy in the Subcutaneous
Transplant Tumor Model

In the assay for tumor growth, statistical differences were observed
between the control group and all treatment groups (Figure 34).



